1" #$e3e@89%; <j ?6, @@" T 6 AUG 2002 Q‘LCIFICATICN CURABLE MOLDI NG
MATERI AL AND PROCESS FOR PRODUCTI NG MOLDED PRODUCT PROCESS FOR PRODUCI NG
MOLDED PRODUCT TECHNI CAL FIELD This invention relates to a nolding t%hiﬁh
for producing a nol ded product from netat hesi s-pol ynerizabl e cycl oo 'ﬁ g,
and a process for producing a nolded product fromthe nolding material.
BACKGROUND ART Cycl ool ef i ns ar & Hhodd 4t ThE8r go ri ng- openi ng

pol ymeri zation in the presence of a netathesis (double deconpogmwmmummmymw
catal yst system For exanple, ,T. Am Chem Soc. , Vol . 82, page gﬁﬁ%*
1960 ) discl oses that norbornene undergoes ring-opening polynerization in

the presence of a netat hegiga gatamwstp st afp rARGew, Chem Int. Edn., Vol.
3, page 723 (1964) discloses that cycl opentene undergoes ri ngﬂmﬂwmummw
pol ynmeri zation in the presence of a %Shﬁthes is catal yst syste

( CZHS ) 3 ] . Processes for produci pol ymers by subjecting cycl och®@i« ns
to ring-opening polynerization are also 1 2 6 AUG 2002 known in the art.
For exanple, JapaRES1afedtORpBROLHTFENS MR HPEFerF RRPKATY Nos.

Sho50- 130900 and Sho52- 33000 di scl ose a process in which a netathesis

catal yst system conprised of a halide of tungsten or nol ybdenum and an

or ganoal um num conpound i s used to produce a ring-opening polynerization
pol ymer. Meanwhile, also known are processes for producing cross-1linked

pol ymer nol ded products by subjecting norbornene type cycl ool efins
(mononers) such as dicyl copen 'ﬁﬁgcggg ﬁ&?iﬁécopentadiene to bul k

pol yneri zati on. For exanple, Japanese Paten plications Laid-open (KOKAI)
Nos. Sho58-127728 .and ShqQ58-129013 di scl ose a process_in which a_solution A
conpri sed of i ALY RIBAOD cAPARITE GEmFbrBAL GG M T hedils Bafal yst

systemw th a nononmer and a sol ution ) .
producing a molded product from metathesis-polymerizable

cycloolefins, and a process for producing a molded product

from the molding material.

BACKGROUND ART

Cycloolefins are known to undergo ring-opening
polymerization in the presence of a metathesis (double
decomposition) catalyst system. For example, J. Am. Chem.
Soc., Vol. 82, page 2337 (1960) discloses that norbornene
undergoes ring-opening polymerization in the presence of
a metathesis catalyst system. Angew. Chem. Int. Edn.,
Vol. 3, page 723 (1964) discloses that cycloﬁentene
undergoes ring-opening polymerization in the presence of
a metathesis catalyst system [MoCl,/Al(C,H;),].

Processes for producing polymers by subjecting

cycloolefins to ring-opening polymerization are also

1



B conprised of a m xture of an activator of a netathesis catalyst system
with a nononer are subjected to reactive injection nolding (RIM tq(pmgg%m?
a cross-1linked polyner nolded product. Japanese Patent Applications

[ai d-open (KOKAI) No. Sho59-51911 discloses a process in which a norbornene
type noner i.s subjected to_reactive injection noldi in the presence of
a net gfgﬁleos‘?’g ¢t aﬁ}ét ‘35351 em Por W%?igdnb HRESGT Of Egtcedfﬁl yti c conponent
sel ected from an organoanmoni um salt of tungsten and that of nolybdenum 2

2 6 AUBPIOLZC@ttPBA &ctlidapBensel ROKed ¥ r¥msan Sl R&Rydl kYPAICUM AEmM hal i de
and an aryl oxyal um num halide, to produce a cross-linked pol yner nol ded
product.haapansess Patantc Appki catp pos s di apearn { KEKAI )mdNoa thied 81 205409

di scl oses a process in which a netathesis catal yst system formed by

conbi naty a Loyt i t |l ec f u | ori de
and tuageren oty el Eel oo A R Tt b L T PR s et

di et hyl al umi num chl ori de and et hyl al um num di chl oride is used jo_produce a
Cr 055, MAKBRCARAE| SPAncail BAGTIE S HEM T Re SR RGU P bk | DY bl Bong. I n
the above netathesis catalyst system the catalytic conponent has becone
known P& ddugetiavarfedghpreriag ipalymanl satisen hecdmdEnene type nonomer
to undergo ring-opening polynerization. A so, when the reactive injection
mol ding is omrdanedid, &abhecsokwbiwvansareapd B aseeisnpist - pireduaihd he
resultant mxture is imediately poured into a nold as it stands liquid to

ef f ect o dWs OREH KWAPRlIER b Zali PNq bR Pit kqulbavnevey, stlne%- 8eganpal um num
conpound used as the acti'vator is so highly reactive as to i medi ately

. s s¢ Lot medi at
caral yH2 RAERE S R PRI ATER S e Rl BRE bma s 1o SRgAlaRon ot ding i s

carried .out, the bulk polynerization nmust be effected in a space forned in
t he st9€é33é1§8;§’a‘?r‘h’f?ér+e§‘g 3ngl A%lﬁéféfopentaglene €0 Bulk
polymerization. For example, Japanese Patent

Applications Laid-open (KOKAI) Nos. Sho58-127728 and
Sho58-129013 disclose a process in which a solution A
comprised of a mixture of a catalytic component of a
metathesis catalyst system with a monomer and a solution
B comprised of a mixture of an activator of a metathesis
catalyst system with a monomer are subjected to reactive
injection molding (RIM) to produce a cross-linked polymer
molded product.

Japanese Patent Applications Laid-open (KOKAI) No.
Sho59-51911 discloses a process in which a norbornene type
monomer is subjected to reactive injection molding in the
presence of a metathesis catalyst system formed by
combination of a catalytic component selected from an

organocammonium salt of tungsten and that of molybdenunm

2



type nold is closed, in order to prevent inclusion of the water and oxygen
in air as far as possible. Hence, there has been a probl emthat nDl?hq@GZWZ
nmet hods and shapes of nolded product are limted. Japanese Patent
Appl i cations Lai d-open (KOKAI) Nos. Hei2-225518 and Hei 3- 292124 di scl ose a
process in which a norbornene_type nononmer is subjected to_bul k .

pol ymeliiZdt i BR i4F bl KeitP & oS fréifat @da T Pay bt 48 Y5 blidde Bl RHEh t he
pri mary nol ded product is secondarily nol ded (shaped). However, in the
processalnidhi e@mdush anqyloayy ohdadinprivdldtde s poepgareductéhea pri mary

nol ded product has conpl etely undergone netathesis reaction to becone hard,

and cap dwdsbe idafod ng@lvy',ﬁ@remdégc?magl% .the primary nol ded product
nmust be shaped after It has been heated to a high tenperature (usually 100C

or above), hringi a ri,o rob S . Lhat bor, A g red at
the tine of lEJIt %s%ggngg#{:/err%l cﬁ‘é:é.laﬁas%,fgglismﬁg%ﬁe% r%ﬁa?;ll(drr%%%zdwérbduct
is a cured product havin%_conpletely undergone netathesis reaction, it has

been dfErk TR0 P hofd SIALPRES ConPFPERTY dMapERifrR tthem&&AJMRF ¥ Sol di ng.
DI SCLOSURE OF THE | NVENTI ON The nol ding material of the present invention
i's a 4cat?abyAtG 2092 equr bt menbl by ng omett Enidli omde fsen catiraeldy by cal | owi ng
a net at hesi s-pol yneri zabl e cycloolefin to react in the presence of a

net at hewpHakEr$ 2akicale @atdlonst £ uhkes t@hded ps educir tay¥ Rref erably have
the shape of at | east one selected froma plate, a sheet and a rod. As the

et at s s DOLYTBLL2AD £aey0d OOLE s A 12331, P08 38l e edciomea di cycl ic

or nnre-cﬁ% I'c norbornene and a nonocyclic cyc efi'n havi ng nor e
carbon ,ato referably be.used. t he t at hesi s pol ri.zati.on

cat al y&r© BBV LEAtm SRETOF Mot B Res Pl b YE A2t T bR S PRIGL S 180 éont ed
by the following Fornulas ( a ) and £ b ) may Rreferably be used. X2 L2 R2
M= C (lg)eg(ltglpmdj@:qe_za press-linked dicyclopentadiene polymer

by reactive injection molding.

In the above metathesis catalyst system, the
catalytic component has become known to be activated by
the activator to cause the norbornene type monomer to
undergo ring-opening polymerization. Also, when the
reactive injection molding is carried out, the solutions
A and B are impact-mixed and the resultant mixture 1is
immediately poured into a mold as it stands liquid to
effect ring-opening polymerization in bulk.

However, the organoaluminum compound used as the
activator is so highly reactive as to immediately react
with water or oxygen when it is present, to lose its action
of catalytic activation. Accordingly, when the reactive
injection molding is carried out, the bulk polymerization

must be effected in a space formed in the state a separation

3



MeC=C (b) X1 L1 Rl In Forrmulas (a) and (b); Mrepresents a ruthenium atom
or an osmumatonm Rl and R2 each independently represent a group §§U@ﬁ§@@2
froma hydrogen atom an al kyl group having 1 to 20 carbon 5 2 6

atons, an al kenyl group having 2 to 20 carbon atons, an al kynyl group
having 2 to 20 carbon_atons, an aryl group, a carboxylate group having 1 to
20 carbvReafensd b alR&8A gt BUPTHAN fP P ¥ BVEO arbdhugtighs, © Anthe

al kenyl oxy group having 2 to 20 carbon atons, an aryl oxy group, an

al koxywatlkanydngroxp gkayiing 2itoa20fear aen pd 9858 b 1an. al Kghtchd 0 Qieye havi ng
1 to 20 carbon atons, an al kyl sul fonyl group having 1 to 20 carbon atons,

an al kyl gulfd oyl ag[)égf'&b'i%‘fri NGh ! ?‘tﬁ?‘é%ﬁ?%%‘?’r& Qﬂg\‘j!éﬁ%%‘é'ser@fgm“p

having 1 to 20 carbon atons, an a ni nyl group ing to 20 carbon
atons and an. al kyl sel enonyl group having 1 to 20 carbon atons, each of

whi ch %gdﬁed SBB\éth"t%FeG%ﬁtﬁlgﬁ%aﬁcgyl group having 1 to 5 carbon atoms, a
hal ogen atom an al koxyl group having 1 to 5 carbon atons or a phenyl,
where the pheB@ne®y BatamstApRtlds akiANE Had bdef PN K&K 2l kyF O §roup
having 1 to 5 carbon atons or an al koxyl group having 1 to 5 carbon atons;

X1 andi &2 2eaxrhs 6&®r esedt Harl 3anl 9011Q 4 i dand;l cenel blpand&2sedah wieprésent a
neutral el ectron-donating group. The process of the present invention for

produci ng & YL Heth T e KORBMIES: §URIASYT £BG dd16 §bg\# gur abl e nol di ng
material to heat curing so as to be shaped into a preset form The

production _pr of _the present, 6 2.6 AU G2002.invention has a first
D op- OIVaEFEEAT Mn AR TS o RrauhRBoanRinpt RRASES The

nol ding material into a Ereset,fornl fol | onwed by heat,curing. The.

met at HREPSYSOF e i ZABPet BEcP 54T i ML dPdoREP 4 4° FehitS $ROAER bt édence of

a netathesis polynerization
molded (shaped).

However, in the process in which such a primary molded
product is prepared, the primary molded product has
completely undergone metathesis reaction to become hard,
and can not be deformed with ease. Accordingly, the
primary molded product must be shaped after it has been

heated to a high temperature (usually 100°C or above),

bringing about various problems such that labor is
required at the time of the secondary molding. Also, since
the primary molded product is a cured product having
completely undergone metathesis reaction, it has been
difficult to mold it into complicated shapes in the

secondary molding.

DISCLOSURE OF THE INVENTION

The molding material of the present invention 1is a

4



catalyst to forma nolding material standing sem -cured, and the nol ding
material may be introduced into a nmold while the nolding material i ggkgst200
sem -cured, followed by curing to produce a nol ded product. As the nold for
hol ding, a nold for conpression nolding nmay be used so that the nolding can
be carried out in the atnosphere. BRI EF DESCRI PTION OF THE.DRAWNGS Fig. 1
is an FMRAR LS iﬂbhléépassmég&ﬁkﬂqlm M@idRyr Bttt L TREWP B hdwilmP &gt &p i n

t he production of a nolded product by nmeans of a nold for conpression

nmol di ngpetsthgsd sepplogmedimatdare abydlodFigfiln tef ereamce numethle 1
denotes the sem -cured material; reference nuneral 2, a bottomforce

(femal g ad &) cledro £0APIRSSL OR B &li BB:1 ied BRENGE; HHMRI A 2 By & T Op force
(mal e ol d) for conpression nolding, réference nuneral 4, a conpression
nol di ng equipnent r. SMC (sheet mol d_caonpound); and reference nuneral 5,
The at roepnale o1 8e G RANEE, ARkt et MY AT PCERS TEEFIVENT O As
t he net at hesi s-pol yneri zabl e cycl ool efin used in the present inventjion, at

| east Bife LRRES HBr SR lL BEEYCIf E0Br At baéyol 2 RHEASHF neRE ghdrad-
nonocyclic cycl ool efin having 4 or nore carbon atons nay be used. In

parti cul ar, Asortbbeneresa shels iss- solytm ¢ ni.ec ok e unyubist ¢ fL etfeidn porbor nenes,

di cycl opent adi ene and di hydr odi cycl opent adi ene may preferably be used.

Nor bor nengst meyhd NELUERIt HBi CYeldt A0BBUVENeE SIEhnads 0f bennene,
nor bor nadi ene, net hyl norbornene, dinmethyl norbornene, ethyl

nor bor | ] de otb : rReng; -5 iyl -2-paor ne,
i ot o S Al 6 R 8 Sy By e (P PRUIR L AR B Y
N- hydr oxy-.5- nor hor nene- 2, 3-di car boxyi m de, 5-norbornene-2-carbonitrile,
5- nor bGATERRE 2.3¢ ?‘Bﬁx?‘:ﬁyde?l{}&%,e@ﬁ%?’b&’r%eﬂ@-eﬂ 3-di car boxyl i ¢ acid
nmononet hyl ester, 5-norbornene-2, 3-di carboxylic acid dinmethyl ester,
5- nor bor nendS2 BN i BELEGHEF saPil YRerHyd aképsr catalyst, "at least
5- nor bor nene- 2, 3-di carboxylic acid di(n-butyl) ester,

one of metathesis polymerization catalysts represented by

the following Formulas (a) and (b) may preferably be used.

x? L2 R?
N /
M=C (a)
/| AN

x! Lt R!

x2 12 R?
\ | /
M=C=C (b)
/| N

x1 ! R}

In Formulas (a) and (b);
M represents a ruthenium atom or an osmium atom;
R' and R? each independently represent a group selected

from a hydrogen atom, an alkyl group having 1 to 20 carbon

5



5- nor bor nene- 2, 3-di carboxylic acid dicycl ohexyl ester,

5- nor bor nene- 2, 3-di car boxylic acid di benzyl ester, 76 AUG 2002
5-nor bor nene- 2, 3-di carboxyl i c acid anhydri de,

3, 6-epoxy-1, 2, 3, 6-tetrahydropht hali c anhydride, 8 Z s au~ iooZ

5- nor bor nene- 2 3-di carboxylic acid, 5-norbornene-2-nethanol,

6-tri ePFBGSH| AR 22 LB heBE AR 52 VidPlorhehe- 200IC2 ¥ PPEy @t @M Aor KT} nenes

such as di cycl opent adi ene
(1.e., efdopgdt gdcnedh awri)n glihyds oddd cyek-bpentatdo®ag, an aryl group,
met hyl di cycl opent adi ene and di met hyl di cycl opent adi ene; tetracyclic

nor bor gepgs-1Saigh 18 & %tﬂ@&I}S'PQGQ Qf'ieto”?bhc}’ét:%forrfi%(:'cﬂggde&ﬁ%lﬁ%c vyl
di et hyl cyl ot et radodecene; " and pent a nore-cyclic norbornenes such as

trlcyclo ent adi ene en adiene trinmer) and tetrac cIo ent adi ene
(i.e. yc‘f%pglrﬁ aJdnéné’f te(t’ré(r‘?eé) Footingds Ha\ﬁ% ?L\(}iﬁo 1 Pbl(?l’ nene
groups as exenplified by tetracycl ododecadi ene and symmetric

tri cychdpehtddi%ene ndy F3BbRa 1mkamsAl s U3 O BY e I5R W Bol % ns ot her

t han norbornene types, as exenplified by cycl obutene, cycl opentene,

cycl ooetldnex ycyuat mdogdceneoudp, hraythgock adberd, da8p®,7-gyomzoct anet r aene,
1,5, 7-cycl ododecatri ene, 5, 6-epoxy-1-cyclooctene, 3,4-epoxy-1-cyclooctene,

5- et h@mﬂlﬁiﬁ&%‘:@% Parierp- 1- evclopctandor- las:@pfrs)pozsyfl cycl ooct ene,
5-fornyl -1-cycl ooct ene,” 5-met hoxy- 1- cyclooctene ethy

| t , t hyl sk |
§§§|88%t18<%1§%2€052 ooyt Gbe nA L PR EP ndn e 3RH8 250B5auRD
thyl t et d f th b d b d
The T oP o AT Ee&rfeés"&amip‘é‘ vt 88ec % R0PRL EPRRr APt ur e of

two or nore, a _m xture of 50% by wei ght or nore of dicyclopentadi ene and
besi ded 1tFY L@ lRRAt AFBHe BAYIR It et R y2PoF@H RAReRE9ES . an

alkylseleninyl group having 1 to 20 carbon atoms and an
alkylselenonyl group having 1 to 20 carbon atoms, each of
which may be substituted with an alkyl group having 1 to
5 carbon atoms, a halogen atom, an alkoxyl group having
l to 5 carbon atoms or a phenyl, where the phenyl may be
substituted with a halogen atom, an alkyl group having 1
to 5 carbon atoms or an alkoxyl group having 1 to 5 carbon
atoms;

X' and X? each represent an anionic ligand; and

L' and L*? each represent a neutral electron-donating
group.

The process of the present invention for producing
a molded product comprises subjecting the above curable
molding material to heat curing so as to be shaped into

a preset form. The production process of the present

6



preferred. The netathesis polynerization catal yst used in the present
invention differs from doubl e deconposition catal ysts fornmed of conb?gqmquz
of a catalytic conponent with an activator as conventionally known. Tt I's a
catal yst capabl e of causi ng netat hesi s-pol yneri zabl e cycl ool efi n conpounds
to undergo ring-opening _pol ynerization by doubl e decqonposition (netathesis)
react i dﬂg‘ﬁxﬁf‘ﬁo’tﬁnlrb‘%? iy Likt Eé‘t%‘f’?tqg Bk PRITtY %t Hoé;}s)’enBéP:%G?thﬁfWat er
and oxygen in air. what is preferable as such a netathesis polynerization
cat al ystndsaasdaasd emepofo heshepdgie pbeymerldangomadat nliipdt sirepr asent ed
by the followng fornmulas (a) and (b). Xz Lz R2 M= C (a) Xr L1 Rl to 2 6
AUG 2002 Ksek~ Foth,/ MFEGAD)bYl o Blclit figgimul as () and (b); M
represents a rutheniumatomor an osm um at om and R2 each independently
represent a u l.ec fro hydr o at Q n.al o] Lpg 1 to
20 carbon atlgﬂng,ﬁgﬁedéi %%gﬁ‘&o%gm%v%%ggg% gy%lggrl%oé(nygtg%m%&ﬁwa ynyl
group having 2 to, 20 carbon atons, an aryl group, a carboxyl ate group

havi ng ° t 5%2F tat Bok & RESS 8RR KOkYR JrotdtR&A Y BOLy ™Br &3 CAt ons,
an al kenyl oxy group having 2 to 20 carbon atons, an aryl oxy group, an

al koxycsaabadyls groapfhawi agm@ 1di2Q@ o@rtheniatloss;amdialkyEaniecqgorp ., havi ng
1 to 20 carbon atons, an al kyl sul fonyl group having 1 to 20 carbon atons,
an al kydsal tiny | mgneum hanare di 40 Ak gapkon @t pEE.u Ged aliky & eh er® 1d oup
having 1 to 20 carbon atons, an al kyl sel eninyl group having 1 to 20 carbon
at ons : | sgl I : havi; r 0 h. gf

ahi ch R B aUbbt TP Tad i TR e TRy o ouh P avS 10 e At s, a

hal ogen atom_an al koxyl group havi 1.to 5 carbon atons or a phenyl,
where the BHEMRY niy t%r%gﬂﬁ t%t%‘&q\%}?ﬂ Err’i’aﬁ?‘bij n atom an al kyl group

having 1 to 5 carbon atons or an_al koxyl %roup having 1 to 5 carbon 11
As themold formolding, amold for compressionmolding

may be used so that the molding can be carried out in the

atmosphere.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an illustration (cross-sectional

diagrammatic view) showing a step in the production of a
molded product by means of a mold for compression molding,
using a semi-cured material. 1In Fig. 1, reference numeral
1 denotes the semi-cured material; reference numeral 2,
a bottom force (female mold) for compression molding;
reference numeral 3, a top force (male mold) for
compression molding; reference numeral 4, a compression
molding equipment for SMC (sheet mold compound); and

reference numeral 5, the atmosphere.



2 6 AUG 2002 atons; X1 and X~ each represent an anionic |igand; and g% and
L~ each represent a neutral electron-donating group. O these netath § 4U6 2002
pol ymeri zati on catal ysts, conpounds (catal ysts) represented by the

following Formula (A) are preferred. X3 L3 R3 / =C((A X4 L4 R4 M
represents a rutheniumatomor an osm um atom R and R each i ndependently
represent a hydPé&geh ¥PORS anCBlI BAAGFSGHE NanTHEK WY EQlob®Nor an aromati c
group. The al kyl group nmay be an al kyl group having 1 to 20 carbon atons,

t he al kenyl agr ovipe may thee: flaas dlskenyl yareauipz Abtieng - 1 002G £anbas eat airs, and
the aromatic group may be an aryl group. The above al kyl group, al kenyl

group @ A" GERII&n 9 G dBY 1BV Acsubsituele Je18udd ealfn! gpresent an

ani onic |igan i.e., a group haV|ng negative electric charges when the
coordlgatlon o t he central aken off, a exqullfled b

hydr og&rt X Om: % %Al Bgert - %erillt&lnarr hgPEngadi 8 %\PSJrF]a%rrs an
al koxyl group having 1 to 12 5 AUG 2002 5 carbon atons, and a phenyl

gr oup. CWChﬁalLefJeachaVémgaélemr AofetT ar beneattiaoms dmmbﬁgugﬁ@up, in e. |,
a group having neutral electric charges when the coordination to the
centralparet abulsat aken i é rnasexeanlctf i €8 byilss phasptd deotrype

el ectron-donating group represented by PRSR6R (wherein RS represents a

Secondﬁﬁé&%gﬂlﬁﬁeéa<Ho§b6%%éﬁ%§¥|dﬂ@y dthB§&¥@h8 agagh
i ndependently represent an al kyl group haV|ng 1 to 10 carbon atons, a

cycl oal M&g&%@lc%ﬂ SRYL TN iRy N9 L8 20, garhon,ators or an

aromat | Sué% conpounds (

catal ysts ) ¥ ecifically |nclude Ru carbene catalysts such as those of
t he foIIown&? B %ﬁ@fl?%ﬁ)%%f 194 particular, the conpound of formula

(3) is preferred.
bicyclic norbornenes such as norbornene,

norbornadiene, methyl norbornene, dimethyl norbornene,
ethyl norbornene, ethylidene norbornene, butyl norbornene,
5-acetyl-2-norbornene,
dimethyl-5~-norbornene-2,3-dicarboxylate,
N-hydroxy-5-norbornene-2,3-dicarboxyimide,
5-norbornene-2-carbonitrile,
5~-norbornene-2-carboxyaldehyde,
5-norbornene-2,3-dicarboxylic acid monomethyl ester,
5-norbornene-2,3-dicarboxylic acid dimethyl ester,
5-norbornene-2,3-dicarboxylic acid diethyl ester,
5-norbornene-2,3-dicarboxylic acid di(n-butyl) ester,
5-norbornene-2,3-dicarboxylic acid dicyclohexyl ester,
5-norbornene-2,3-dicarboxylic acid dibenzyl ester,
5-norbornene-2,3-dicarboxylic acid anhydride,

3,6-epoxy-1,2,3,6~-tetrahydrophthalic anhydride,
8



->>CL[ H\RR-C~C1~[P"/ 3(1) 3P]\CL\Ru-CH~/ CL~][ ~
CCPH((\ 3 (2) 13 zZ 6 AUG2002 3 PO I H-Q CcOCH3 CI I H\ BoHIG6
'~ 3(3) ~ CHBHCV\CH33PG1IlI Hy Ra-Cd [ I~GBHC~ CHC
30t-i Il ~Ru=CL~11\D3¢(-t) 3PCL[ h\ Ru-C\ CL ~1 COOCH3
3 (6? %5) S3PCL [ H~RE=G~CLI CHCHGHCH P3 (7)) 3PC HI
-norbornene-2,3-dicarboxylic acid,

5-norbornene~-2-methanol, 6-triethoxysilyl-2-norbornene
and 5-norbornene-2-0l;

tricyclic norbornenes such as dicyclopentadiene
(i1.e., cyclopentadiene dimer), dihydrodicyclopentadiene,
methyldicyclopentadiene and dimethyldicyclopentadiene;

tetracyclic norbornenes such as tetracylododecene,
methyltetracylododecene and dimethylcylotetradodecene;
and

penta~- or more-cyclic norbornenes such as
tricyclopentadiene (i.e., cyclopentadiene trimer) and
tetracyclopentadiene (i.e., cyclopentadiene tétramer).
Compounds having two or more norbornene groups as
exemplified by tetracyclododecadiene and symmetric
tricyclopentadiene may also be used.

Also usable are cycloolefins other than norbornene
types, as exemplified by cyclobutene, cyclopentene,
cyclooctene, cyclododecene, 1,5-cyclooctadiene,
1,3,5,7-cyclooctatetraene, 1,5,7-cyclododecatriene,
5,6-epoxy-l1-cyclooctene, 3,4-epoxy-l-cyclooctene,
5-methoxy-l-cyclooctene, 5-bromo-l-cyclooctene,
5-isopropoxy-l-cyclooctene, 5-formyl-l-cyclooctene,
5-methoxy-1l-cyclooctene, ethyl
cycloocto-l-ene-5-carboxylate, trimethylsilyl

cycloocto-l-ene-5-carboxylate, tetrahydroindene and

9



\Ru=C~C1~I1 ~ C-CPHH3 (8 14 2 6 AUG 2002 Methods for

synt hesi zi ng the above conpounds (catal ysts) are already known in theQ aAlit 2002
For exanple, ,journal of American Chemi cal Society vol. 118, page 100

(1996) shows a nethod neking use of a cycl opropene derivative (Schene 1).

Ph Ph RuC t2 PPh3)3+ PPNnN3CL~H~RI-C~C1l~~\ HG-Q PPh3 Pav 3P

P C| mefhyRgtetgabpdgazpdeney c=C\ H Ph 3 <Scheme 1> The sane
publication as the above al so shows a net hod nmaki ng use of a diazo conpound
as shown byamhe ¢ 6l kivé ngbseteneo ifchamds 2naylbbe s AUSL2002 er. 2P P h3
RuCi2 (PPh3)3+ C C1~-[ ~HCKE ~~Ru=Ccll| pPh3~./ P(R8>3 HP

(R8)3 EHe\rbrRa ot C‘aCIndtlE’ré Ry Su& B3 Riorer %én%@%ésﬁﬁe%eb
Organonetal I'ics Vol . No. 18, page 3867 t 1997 al so shows a net hod

ki ng u;@%grs{opagy' (0L 5 00w Bralia. oLl 5 99,360 hirems

or more of dicyclopentadiene and besides
tricyclopentadiene and/or tetracyclopentadiene 1is
preferred.

The metathesis polymerization catalyst used in the
present invention differs from double decomposition
catalysts formed of combination of a catalytic component
with an activator as conventionally known. It is a
catalyst capable of causing metathesis~-polymerizable
cycloolefin compounds to undergo ring-opening
polymerization by double decomposition (metathesis)
reaction without losing its catalytic activity with ease
because of water and oxygen in air. What is preferable
as such a metathesis polymerization catalyst is at least
one of metathesis polymerization catalysts represented by

the following formulas (a) and (b).

x2 L R
NS
M=C (a)
V2 RN

x! oLt R!
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Ru(H(H2)C 1 (P c y3)3+HGCCRg--~ ~ Ru=C~- \R1I0 G [ HOR10 P c y3 cy: RO
and R1l. -H, -CH3 ox <Schene 3> 16 2 s au~ zoo2 Organonetallics ng @maz
No. 18, page 4001 (1997) still also shows nethods as shown by the f FI 'WB
schenes (Schenes 4 and 5). Pc T3 H | r-t? [RuC 12 (COD) | X+2 P c y3
H--~] Rug I-}I(’g ~2 PcY3 1= PcsI3 HCCI2-RC1 1 H\ Ru=G CI ~I ~R 1
Pcy3 R11: -H, -CbOCH, or . cycl ooct adi ene <Schene 4> [ Rud 2( COD)
] X+2Pcy3 Synt hesil]s Exanple Pc y3 H\ Ru/ H2 H- | \H2 Pcy3 P ¢ y3 C 12C
HCOOCH3 Ct | HpyRe=Clc C | ~ | Pcy3 /(pgScheme 5> ( see Schenme 3 ; R9 and Rl
met hyl groups,) 17 6 AUG 2002 cl ooct adi ene rutheniumdichloride (21
mml ), tricycl héxylphos hine (42 nmol ), sodium hydroxide (7.2 g) and 250
m of oxygeﬂ{?enﬂﬁed sec-Rut anol were put into a 500 m Fisher-Porter
bottle, and are heated at 90c and hydrogen 2 atnospheric pressure. The
pressure is repeatedly applied several tinmes until the hydrogen is
conpl etely absorbed, and stirring is continued overnight. In the state the
pressure of hydrogaulisskept) appldi egdb)the reaction mixture is cooled to

roomtenperature to obtain a yellow precipitate. Wth addition of 30 m of
M represents a ruthenium atom or an osmium atom;
R' and R? each independently represent a group selected
from a hydrogen atom, an alkyl group having 1 to 20 carbon
atoms, an alkenyl group having 2 to 20 carbon atoms, an
alkynyl group having 2 to 20 carbon atoms, an aryl group,
a carboxylate group having 1 to 20 carbon atoms, an alkoxyl
group having 1 to 20 carbon atoms, an alkenyloxy group
having 2 to 20 carbon atoms, an aryloxy group, an
alkoxycarbonyl group having 2 to 20 carbon atoms, an
alkylthio group having 1 to 20 carbon atoms, an
alkylsulfonyl group having 1 to 20 carbon atoms, an
alkylsulfinyl group having 1 to 20 carbon atoms, an
alkylseleno group having 1 to 20 carbon atoms, an
alkylseleninyl group having 1 to 20 carbon atoms and an
alkylselenonyl group having 1 to 20 carbon atoms, each of
which may be substituted with an alkyl group having 1 to
5 carbon atoms, a halogen atom, an alkoxyl group having
1 to 5 carbon atoms or a phenyl, where the phenyl may be

substituted with a halogen atom, an alkyl group having 1

to 5 carbon atoms or an alkoxyl group having 1 to 5 carbon
11



water, the precipitate is filtered, followed by drying in a streamo f
hydrogen to obtain Ru ( H) a ( Ha ) a ( Pcy, )~ ( yield about 809@2 gmﬁ&mz
this Ru( H) ~(Ha) a(Pcy, ) z(1. 5mol ) is dis solved in %
of dichl oroethane solution, and the m xture obtained is cooled to -30C
Then, 3-chloro-3-nethyl-1-butin (1.5 mml) is added. The sol ution turns
purpl i shtP8& 7i medi ately, which is allowed to react for 15 minutes as it is
. The cooling bath is taken away, and degassed nethanol. (20 nl) is added,
wher eupon puk pl #npant’i dda@share gy €sepitt af @da nthen par tliicd £8dar e mashed with
met hanol , followed by drying to obtain the desired catal yst [the conpound
of formula (3)] i ek da ... nce: I Vo - Ng. 18,
page 3867, 11997 I(%{s)&'3 %ag%ﬁruéé%%g%ﬁe%mq%%ggﬂﬁ%{aéﬁgﬁnza('%l%lrj?accléﬁgl yst
may be used alone or in conbination of two or nore types . Here, the
catal ysi* 8y be in an anount of from0.00l to 20 parts by weight, and
preferably fromO0.01 to 5 parts by weight, based on 100 parts by wei ght of
t he net at hes? §- folgmer medid Bhegdisod @t yme wWheasfl amec adidal hasiss
pol ynmeri zati on catal yst as descri bed above enabl es any desired regul ation
of pol yyemnpoainds (e 0ahests) r eapldoferndal Bpprudps | aAbea 1sel eayi on of
condi ti ons such as anount of the catalyst used, reaction tenperature and
use of Bhymi@actan regwl aursdiphighitor). Hence, an internediary state can
X I s \

be made up in which the polynerization (netathesis ) reaction of the
material cycl ool efin has not gone to conpletion. Such a state is called
"sem -cured". Upon the heating of a nolding material standing sem -cured,
t he pol yneri Biqpa(nehgshesis ) reaction proceeds again, and the curing
can be conpl eted.” The | ding material standing sem -cured is in aliquid
state, having é\ﬂluidfiy, or in a solid state, having no fluidity. Either
state may appropvi=at®ly be sel ected {A)accordance with the manner of
shaping. In thg/qase~w¢en the nolding material standing sem-cured is in a
l'i quid statgk4it1y§ualf¥4has a viscosity of tens of poises

M represents a ruthenium atom or an osmium atom.

R and R* each independently represent a hydrogen atom,
an alkyl group, an alkenyl group or an aromatic group. The
alkyl group may be an alkyl group having 1 to 20 carbon
atoms, the alkenyl group may be an alkenyl group having
2 to 20 carbon atoms, and the aromatic group may be an aryl
group. The above alkyl group, alkenyl group or aromatic
group may have a substituent.

X’ and X' each represent an anionic ligand, i.e., a
group having negative electric charges when the
coordination to the central metal is taken off, as
exemplified by a hydrogen atom, a halogen, an alkyl group

having 1 to 5 carbon atoms, an alkoxyl group having 1 to
12



or higher, which may appropriately be selected in 19 2 6 AUG 2002
accordance with the manner of shaping. In the case when the nnldinqe ém3ﬂm2
material standing sem -cured is in a solid state, it may have any hardness
(flexural rigidity) without any particular limtations, and, which may
appropri at el % be sel ected in accordance with the manner of shaping. The

Vi scosit y© ¥F PRt dRESS Df RIS HroPBERY hrafERYR - st andi ng seni -cured nay al so
be designed and adjusted within any desired ranges under appropriate

sel ection ofl’camdtl tibrsa sbiclreger @asmommt aofmahered: & ys¢ tused; d oeadt 1 ng
tenperature and useof any reaction regulator (inhibitor). Also, the tine to
be takeyy ghpsgr it.he. i efiahp h aBiLgSEELTHH B BBE W ¢ Ichh rige Shaped i nto
a preset formis appropriatéely seleCted in accordance with the form of

f i Ily, .th i f ich.th £ d i
oLt st EASRONa b, IS ALTE JALCHS!SLATS SO GHAS SRS 43

process of the present invention for Qr oduci ng a nol ded product, the

nol di n§FeRBrild 1 Ry Pe ShRaPed it Beatynss et 1 61 AnddeRe ehPBed EhePshaped
nol ded product nmay be subjected to heat curing. Alternatively, the nolding
mat er i ale prag sk shdpey iBRR R predst r £ anmRand exd maut taneous | ye be rsibpgct ed
to heat curing. Any of cycl ool efins such as cycl obutene, cycl opentene,

cycl ooglieggl ?@@go@qee@ecytcem ahxdroi §deng ANEnd0 R® 2 Ha AR Ge20R
I Ol

met hyl t et rahy ndene (othér than norbornene types) ring-opening

copol yiTeyd 8Bl dh L o NeeBohLRENS of voecuicl Bob B ea fRK POy L ged @nd used

as long as e present invent IS not ny of
resins such as_polyi m des at ted polyesters ol.yet hyl enes, rubber type
) ast ofA PO RIS 8 HEC TRA haE Ly FRO TRsi 6 ARG iy S BSEnE A 4l so’ be
m xed and used. In the present invention, in addition to the essenti al
conmponéntt® ne? o AEHICRN pof GREr PLrafiTe AP ST i(Frewp) » pyridine, and

p-fluoropyridine.

Such compounds (catalysts) may specifically include
Ru carbene catalysts such as those of the following
formulas (1) to (8). In particular, the compound of

formula (3) is preferred.

1), (0),

cl | H Ct |
-~ \Ru::C

> I &
0. )" O

(2)

13



nononmer which is usually liquid at normal tenperature ) and netathesis

pol yneri zation catal yst (which is usually solid at nornal tenperatur??,
additives (or third conponents ) such as an antioxidant, a reaction?2b AUG 200
regulator, a filler, a nodifier, a release agent, a colorant, a
photostabilizer, a flame retardant and a reinforcing material nay be added
to carry out the reaction, taking account of physical properties, external
appearance and operability. The antioxidant may be added in addition to the
portion contained [ usly in material nononers. The i dant may

i ncl ude hindered pkenot /type antioxi dants as exerrpllfl @

2,6-di (t-butyl)-4- nethylphenol 2,6-di (t-butyl)-4-et hylpheno

stearyl (3€(13, 5-di (t-butyl ) 4- hydroxyphenyl)pro i onatfe, 21 6 AUG 2002
tetrakis- [netﬁyl ne_3_%§/’5' d|(tchm yl)-4'- bxyphe nyl) propi onat €]

met hane, ' e hyr—hebrs -t- butylpheno Ru = ¢

2,2 - nethy?enebl (4- ethyl ylphenol) C /’,

4, 4" - et hyl enebi B(2, utyl)ﬁhégol)

1,3,5-trinethyl-2,{4 |s(3 5-di (t-butyl)-4- hydroxyB be and
1,3,5-tris(3,5 -d 5y|) 4' - hydr oxybenzyl ) - S—trlagggiig

i ne-2, 4, 6- (1H 3H, SFDtrlone The anti oxi dant to be adde may usually be

added in an anmount not nore than 10, 000 ppm It nay al so be~added in an
anount nore than 1G,0p0 ppm w thout problens. Usually, to the

general - purpose starting material nononer dicycl opentadilehe, an anti oxi dant
such as 2,6-di(t-butyl)-4-nethyl phenol or 4-t-butyl catechol has already
been added in many cases. |In the production process of the present
invention, this antioxidant may be used as it is, or other antioxidant nmay
be added anew. It may al so be renoved in sone cases. The reaction regul ator

may i nclude reactio |nh|b|tors such as triphenyl phosphi ne,
tricycl ohexyl phospl .ﬂﬁ:’{ 4gc\ opent yl phosphine, trib ‘ﬁsphlne and

trllsopropylphosp N nay suaIIy be added in an gf from 0. 001
to 10 parts P
1 l
H l
~
Cl/Ru=C/ >Ru=c<
' \© cL 7 COOCH;
P P

™~ e
~
cL™ \\CHﬂH@CHgH% cr = | Sc=c >
H
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by wei ght based on 100 parts by weight of a DCPD resin 22 ~ 6 AUG 2002
solution. The filler may include, e.g., inorganic fillers such as silica
sand, cal cium carbonate, al um num hydroxide and clay, and organic f76IA869002
such as wood flour, and polyester or polystyrene beads. It nay be used in

an amount a riat det erm ned i.n accordance wt Sic propertles
of polyrrersg%ﬁ:gP ?§c§%¥¥ysgptg%ﬁ?}édfﬁﬁ ﬁgteﬁi pge fHE€R§ ?%r

i nclude, e.g., elastoners, natural rubbers, butadiene rubbers, polynethyl
met hack gladi®l yg&isyvi Ayle ackr apd vankinpoirysipr éhee artray usual I y be used in
an amount ranging from1 to 50 parts by weight based on 100 parts by wei ght

of the resi RoBixGmEERENIAS UM PhYS adle PLOREr them ifal o bRtangded 1 . .
pol ymers. The rel ease agent may include, e.g., zinc stearate, silicone oi

and fl r|ne |1 add n t O r 0,01 to 5
parts 33 wei %ﬁ?ebaseglng%l éi%gzslpas)rht(%? y%wequg%%ﬂ %f r{f‘%ﬁ%ﬁ S|Lfr11 feTﬁ{e% col or ant may
i ncl ude i ani c pigments such as titan un1d|OX|de cobalt blue and

cadmi ufiYy: ‘?fgﬁPp oPgant €2 hitdifent 2¢ &‘l?d% ©ad Jcarbon bl ack, aniline bl ack,
pht hal ocyani ne and qU|nacr|done As weat herability- prOV|d|ng agents, an
ultraviolet |light absorber and a photostabilizer are avail able. The
ultraviolet Iight absorber may include, e.g., salicylic 23 2 6 AUG 2002
acid type ultraviolet |ight absorbers such as phenyl salicylate and

para-t- butylphenyl sal i cyl atren. berzaphenone gyp% ultraviolet |ight

absorbers su dr ox\ggnzophegope, 5 H
2- hydr oxy- 4- %éfﬁ %&Bé&ghéﬁé ne/and ~
2, 2" -di hydroxy-4, 4' - dlnethoxy ph ﬁone /béhiorrpazol Lxge/ultraV|oIet

| i ght absorbers such as 2-(2' “hydroxy- 5< hetHyphenyI)béﬁ%otr\azple
2-{2' -hydroxy-3",5"-di (t-butyl)phenyl } benzot r& a2gl e

j; : >3
i 3Cl\ /H
S Ph
P ™~

C=C
H Ph

u—=—=C

\®))

m — Ao — U

<Scheme 1>
The same publication as the above also shows a method
making use of a diazo compound as shown by the following

scheme (Scheme 2).
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and2-{2' - hydroxy-3',5"-di (t-anyl ) phenyl }benzotriazol e, and cyan%gfré$g@2
type ultraviolet |ight absorbers such as 2-ethyl hexyl -2-cyano- 3, A nyl
acrylate and et hyl -2-cyano- 3, 3' - Bi phenyl acrylate. Any of these nmay be used
al one or in conbination of two or nore types. In order to inprove

weat herability, a hindered am ne type photostabilizer such as

bis(2, 2,6, 6-tetranet hyl -4-piperidyl) sebacate,

bis(1, 2, 2,6, 6-pentanet hyl -4-pi peridinyl) sebacate and a di net hyl

succi nat el- (2- hydroxyet hyl ) - 4- hydroxy 2, 2, 6, 6-tetranet hyl pi peri di ne
condensati on product may al so be added together with the above ultraviol et

| i ght absorber. The flanme retardant nmay includ%j e.g., halogen type
conpounds such as hexabr onobep2ene, tetrabronoblgﬁﬁbnol Ay

decabr onodi phenyl _ oxj de, tribéonnphenol, 241\\216 AUG 2002

di br ormmh\eﬁylggl(yc? 89 3et peré:lg_{ or opent acycC| Raesané T acid
derivatives, any of mhi%iiﬁ%; be”ised a on§10( iin conbinaﬁion)of two or
nore types . A phosphori i d conpound such aqurh%(dich ropyl)
phosphate or tris(di bronmopropyl) phosphateor aboric  aci dconpoundnmay al so be
used in conbination. An auxiliary flame retardant, which may include
antinony trioxide, iron oxide and aluninunlhydrigqq{ further be used in
conmbi nation with the flanme retardant, mherebi t he Tl are-retrArdant effect
can be made higher. Usually, the hqlqgéh:gy% {] ane ret ardant may be used
in an anount ranging from1 to 50 partssby wei gh® Y amd hliary flame
retardant such as antinony trioxide from1 ta 15 lparts bgsﬁgzggt, based on
100 parts by weight of the resin. Also, hydratesfsq@ﬁ)%§ al num hydr oxi de
and magnesi um hydroxi de may be used in conbination as a filler aimng at
flame retardation. Any of these may preferably be added in an anount
ranging from10 to 300 parts by wei ght based on 100 parts by Q@ight of the
resin. As the reinforcing material, usable are inorganic fi Er‘3einforcing

materials such as gl ass and carbon, PAN, pitgh-or rayon 1 ype carbon fibers,
and organic fibers such as PEJ fib po en@ffi bers and Kevl ar.
These R™: CH3

<Scheme 2>

also
OrganometallicsVol. 16, No. 18, page 3867 (1997)

i as shown
shows a method making use of propagyl chloride

by the following schene (Scheme 3).
PCY3 o
Ru=
=C-C-R¥—> ~c=cC
Ru(H)(H»ZJCl(PCY3)3+HC o | 3 Lo
R PCY3

or <)
R’ and R': -H, -CH; OI @

<Scheme 3>
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reinforcing materials may be in the formof any of a mat, a roving and a
cloth. Any of these reinforcing materials 25 7 6 AUG 2002 nmay be kept
mxed in materials, or may previously be set in a nold for nolding.z§ﬁﬂﬁzwz
nol ding material of the present invention nay be used under solvent-free
conposition, and a solvent may optionally be used. In the present

i nvention, tHedABIOH hg2ddtieFsalVols: hbbrediq o éBfecraps yhePilzatl dh7)
reaction. The heating is usually operated in two stages. The first-stage
heati ng % 51¢aniised sdutwsmertderd ¢ a Hrdmgwhheynmohdi Ag IMed RLINd sidiémas

sem -cured state, which may be heated at a tenperature of fromO to 100C,
and pr gfesabine § r@ma%qitg))é}oc, and for a tinme appropriately determned in
accordance with the quantity of the catalyst and the reaction tenperature.
The second-stage heating is carried out in order to shape the nol ding
material into a preset formand also to conplete the curing. This heating
may usually be at a tenperature of from80 to _250§,° é:md preferably from 100
to 200C. The reaction tine is appropriakely dé%gfﬁiﬁgﬂﬂﬂn accordance with
the quanti ty“%’f‘ct“r‘ﬁe(gé)t%l yxt~ AR¢ The reacdton tenpardature. The nol di ng
material standing sem-cured in the present iMﬂt]i o Hay have any shape of
a plate, a sheet or a rod. As nol ded products obt?h??d by heat-curing the
nol di ng material standing sem -cured nay be any o at 26 2 6 AUG 2002
articles or solid articles such as pipes, half-round pipes and | am nates.
Wien a nold for nolding i ed to shape the nol dipng,material into a preset
form a nold for corrpres nol d;i{@g;%_ag1u1SLtall nql d $or SMC (sheet nold
conpound) or BMC (bul k_nptdconpound) nolging ”BVRQF=H§eﬁ' Al so, various
nol di ng met hods such as conpresSsion, injecCtion goqpr esstony and mat ched
nmetal die nolding my be used. Ml ding net hods R

Pcy3
R'': -H, -COOCH, or @
COD: cyclooctadiene
<Scheme 4>
Pcy3
H | H
382 2
[RuCl2(COD) Iy+2Pcyy —==>  SRu”
~
H™ | Ho
Pecy
y 3
Pcy:3
CIpCHCOOCH; Cl_ | H
> —_— Ru=C

~
cLr |
Pcya

<Scheme 5>

Synthesis Example

(see Scheme 3; R’ and R'": methyl groups)
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may appropriately be selected and al so the shape and material of a nold may
be selected, in accordance with use of nol ded products and productiqp U@iﬂﬂ
1 is an illustration (cross-sectional diagrammtic view) showi ng h MIPO
produce a nol ded product froma sem -cured material by use of a nold for

atmospher o of 18 T BOROLhERRd Torsama 8 SIS a1 (T P b epher o) - cr
course, a special neasure nagibe taken such that the atnosphere is

di spl acE& 2FY Rl By R NREP BA Nchel 42 kBMOFUt » sTeR L thdurdEeXid@of 7.2
econom cal. The present invention will be described bel ow by giving

Exanpl eg.) lamd g5 6 ohl ogifng xfppepleemowedt 68k -Hiet £hd 1t Qré'm(rjpzuﬁ $nk Y
wei ght" unl ess particularly noted. Exanple 1 27 2 6 AUG 20 Commercial ly

avai | abl e .di nt adi DCPD) wi a purikty of .99~ b i ght, was heat ed
to abouf gg@xﬁgﬂfigﬁé&—?ﬁ;ﬁtﬂ)ﬁ%%%ﬁ% P%%n%FShB?ﬁhﬁ%%,gﬁag@dcoﬁn 0
parts OE EggD wa adged and di,ssol ved, follomgg by addition pof 0.1 part of
the Ry BXARREeBarkl SERCSE RBFIG PFOS 1T e Thel AT SRE RSt HPe was
allowed to react while its tenperature was nai ntai ned at 35C. At the tine

the surFa@eatefdy rapedilsd f PEVE Eake HiRes auditdie Wher veregent LBngy
when touched with a glass rod of 2 mmdi aneter (the sem -cured state), this
was i nt codipketiedtyo ad swt b efdyr acohEessran grilsdcpg tin cadr gveutn igphdi.ng as
descri bed bel ow. The nold of conpression nolding was set in a vertically

novabl e hydraiié i §tRES St han @b § ulrMer ahyider ogensals atepR0GppBighlgwn in
Fig. 1, the sem-cured material was introduced i1nto the nold in the state

the m'én\@ﬁ%&&@%ﬁg@ﬁg@g&{aﬁgg % Wgb3ld CeBr esbne AR AL 8l 1P £hOSE L he

nold to carry out e, the pressure was g “per cm squar e of
L ! BbS A 0.3 S Ehoh B a2 BT R SRR 50 °
e T orassme deheonceciptate {s ¥ Lar e ol 1oved vy deying in "
a stream of hydrogen to obtain Ru(H);(H,;),(Pcy,), (yield:
about 80%).
Next, this Ru(H),;(H;);(Pcy;); (1.5 mmol) is dissolved
in 30 ml of dichlorocethane solution, and the mixture
obtained is cooled to =-30°C. Then,
3-chloro-3-methyl-1-butin (1.5 mmol) is added. The
solution turns purplish red immediately, which is allowed
to react for 15 minutes as it is. The cooling bath is taken
away, and degassed methanol (20 ml) is added, whereupon
purple particles are precipitated. The particles are
washed with methanol, followed by drying to obtain the
desired catalyst [the compound of formula (3)] (yield:

95%). (Reference: Organometallics Vol. 16, No. 18, page

3867, 1997)
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nol ding was a nold for SMC flat-plate nolding ( size of flat plate: 300 mm
| ong, 300 mm wi de and 4 nmhigh) . This nold 28 7 6 A UG 2002 C%%dﬁsﬁﬁl
a bottomforce (female nold) and a top force (nale nold). Exanple

reaction fluid was prepared in the same formulation as in Exanple 1. This
reaction fluid was put in_a frame made of al um num_ (300 mm | ong, 300 mm

wi de and 2 FRIEBPF .2 tIhes Aadt brMEU: #2 Rd Huf R Y 9BCMiot RRamserd
together with the frane to carry out reaction. After |apse of 3 hours, a
reacti ed quredact iwass dmkem aouioof otfhe: wmt ochawhes . t FHeess, . t Héereacttifon
product was in a solid state, having no fluidity. This reaction product was

renoved ofr i, she n?caf}an@et 9 nOhtAiath &y el difnG yEhesl alo Staddp BIpae s ow ed
This nol ding  material was stored at roomtenperature for a day, and

h f | | be_of
outer HERELEr %s%?rge” 2PaRdied RERE - Phe ol ti Rg et oPYal e%ﬁagscgh?g’ed

was put in a curing furnace together with the gl ass tube and was al | owed
to reaéﬁ%dlg@ckgoepﬁe’ﬁscﬁrﬂf e 1gfttero Fafde of 1 hour, the cured product
obt ai ned was taken out of the curing furnace, and was rem)ved fromthe

gl ass el tbeshist pod yoyeé i ndrailclaé €gicies o iLkee)imol ded product. POSSI BI LI TY
OF | NDUSTRI AL APPLI CATI ON According to the present invention, nolded

products 29yse’' 08 AU 2082 Lame BE sPrsiuGadt M & B raase é‘@d:dl‘y§@f%sby
nol ding carried out in the atnosphere (in the air for which no special

treat mails d E%‘%P %}bo‘ésé ngBhaAdeshs paoé%ﬁré&ai’bﬁuclyac{%' nefd ps as

mat eri al’s. e eXil S 1 ng nNo din I nes sucn as varil ous conpr essi on

mﬂd'”%E¥¥aé?f§2€?2J“3#ékgt‘ﬁglgg react@gizgg%er appropriate

selectionof conditions such as amount of the catalyst used,
reaction temperature and use of any reaction regulator
(inhibitor). Hence, an intermediary state can be made up
in which the polymerization (metathesis) reaction of the
material cycloolefin has not gone to completion. Such a
state 1s called "semi-cured". Upon the heating of a
molding material standing semi-cured, the polymerization
(metathesis) reaction proceeds again, and the curing can
be completed.

The molding material standing semi-cured is in a
ligquid state, having a fluidity, or in a solid state,
having no fluidity. Either state may appropriately be
selected in accordance with the manner of shaping. 1In the
case when the molding material standing semi-cured is in
a ligquid state, it usually has a viscosity of tens of poises

or higher, which may appropriately be selected in
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Clains 1. A curable nolding material nade sem -cured by allow ng a

net at hesi s- pol yneri zabl e cycloolefin to react in the presence of a 76 AUG 2007
net at hesi s pol yneri zation catalyst. 2 . The nolding material accordfng Po
claim1 , which has a shape of at |east one selected froma plate, a sheet
and a rod. 3. The nolding material according to claiml or 2, wherein said
net at h@SICRPBPWFR | Yabile €Y 8l 8angieh PL atDfPANY one sel ected froma

bi cyclic or nore-cyclic norbornene and a nonocyclic cyclool efin having 4 or
nore car bonIat anse 4.asdewierdi niyematcerd 8h gaacot dirdi@ 1 os apy doivegof clainms 1
to 3, wherein said netathesis polynerization catalyst is at |east one of

nmet at hesis; b, izatkan.c | yst esent I j rarul as
(2 ang (o R S Weossr B R R A R R
M=C=C (h), X1 L~.RL wherein; Mrepresents a rutheni ymatom Qr _an. osn um
atom RE'HA? B2 ledehd FAdEpEhdBAERD Fopt B¥eRA 5T b 8 Kot LBEdd 1 oMt
hydrogen atom an al kyl group having 1 to 20 carbon atomns, an al kenyl group
havi nga2&.o 20 icdy bBA YatadBr O®F 1A kK9 Ayl Rt otpliefitag 21t 02 90 od#tddE Sat ons
an aryl group, a carboxylate group having 1 to 20 carbon atons, an al koxyl

group wawmgthet m@0Onear bofi athaysingn al kenyl oxy group having 2 to 20
carbon atons, an aryloxy group, an al koxycarbonyl group having 2 to 20

carbon at ongy, Any aklkedd NE9 GrOUPa PaNIIGs 1o%0 305 §anbon AhGMhatBdrial
al kyl sul fonyl group having 1 to 20 carbon atons, an al kyl Sul finyl group

o, S S k0P SR ardul AV hESL 0 38 CTheR Abheaidaned

al kyl sel.enonyl group having 1 to 20 carbon atonms, each of which may be

Subst | Hetat i 2R Yake F F&R &P C§r BOE TaR g 8B Late Selection bf
conditions such as amount of the catalyst used, reaction
temperature and use of any reaction regulator (inhibitor).
Also, the time to be taken after the material is made
semi-cured and until it is shaped into a preset form is
appropriately selected in accordance with the form of
manufacture. Incidentally, the time for which the
semi-cured state is maintained may be adjusted in
accordance with storage temperature.

In the process of the present invention for producing

a molded product, the molding material may be shaped into
a preset form and thereafter the shaped molded product may
be subjected to heat curing. Alternatively, the molding
material may be shaped into a preset form and
simultaneously be subjected to heat curing.

Anyof cycloolefins such as cyclobutene, cyclopentene,

cyclooctene, cyclododecene, tetrahydroindene and
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2 6 AUG 2002 1 to 5 carbon atons, a hal ogen atom an al koxyl group having 1
to 5 carbon atoms and phenyls, where the phenyls may be substituted g
hal ogen atom an al kyl group having 1 to 5 carbon atons or an al koxyl group
having 1 to 5 carbon atons; X1 and X2 each represent an anionic |igand; and
L1 and LZ each represent a neutral electron-donating group. 5. A process
for pnﬂﬁEﬁH Efﬁgﬁi%ﬁgPéﬁﬂﬁ?ecéﬁﬁq§Fn§ﬁﬁffPP%L%?BﬁWﬁ bygﬁéﬁr@ t he
nol ding material according to any one of clains 1 to 4; and a second step
of shapihggtiee emiaichgs aRPerime r Lanad le pwéddt tbemnd bbpaviesin By thae
curing. 6. The process for producing a nol ded product according to claimb5,

wher ei o pail e oSles ORG sStePy CEBPIIISESd tARdSLeRsd 04 5 38y Ngs sehe B flesd
material into a preset form and subjecting the nolding material thus

shaped, . £ o, heat ing. o this;qrder Th ess for producing a

nol ded Op% oagé%t %ggsegg% %%é%gbggcgbsr dfzﬁé-‘ tagargfglgi%r%s’s , Wherein said second
step conprises the step.of; subjecting said molding material to heat curing
whi | e shapi P ¥aPd nbRaildlF nBléd &5 i RPd YA Piesst: formMIT E&dpr ocess for
produci ng a nol ded product, conprising allow ng a netathesis-polynerizable
cycl oolmdluetsst eract palyee hy bsarse ofuhbreat at ies se pobyrake Zati on
catalyst to forma nolding material standing sem -cured, and introducing
the nolak ng1rird er eé8lin Nf oma tmed ¢l Py ikol e ghinlse 4@ talndi Nor g8tiers ahaiys kept
sem -cured, followed by curing. 9. The process for producing a nol ded

product; pggoi NGtk £l ah H L£g8, wherein a nold for conpression nol ding
is used as said nolding nold. 10. The process for producing a nol ded

product In the present invention, in addition to the essential

components metathesis-polymerizable cycloolefin (a
monomer which is usually liquid at normal temperature) and
metathesis polymerization catalyst (which is usually
solid at normal temperature), additives (or third
components) such as an antioxidant, a reaction regulator,
a filler, a modifier, a release agent, a colorant, a
photostabilizer, a flame retardant and a reinforcing
material may be added to carry out the reaction, taking
account of physical properties, external appearance and
operability.

The antioxidant may be added in addition to the portion
contained previously in material monomers. The
antioxidant may include hindered phenol type antioxidants
as exemplified by 2,6-di(t-butyl)-4-methylphenol,
2,6-di(t-butyl)-4-ethylphenol,

stearyl-f-(3,5~-di(t-butyl)-4-hydroxyphenyl) propionate,
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according to any one of clainms 5 to 9, wherein the nolding is carried out
in the atnosphere. 34
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&

as silica sand, calcium carbonate, aluminum hydroxide and
clay, and organic fillers such as wood flour, and polyester
or polystyrene beads. It may be used in an amount
appropriately determined in accordance with physical
properties of polymers and viscosity of semi-cured
materials.

The modifier may include, e.g., elastomers, natural
rubbers, butadiene rubbers, polymethyl methacrylate,
polyvinyl acetate and polystyrene. It may usually be used
in an amount ranging from 1 to 50 parts by weight based
on 100 parts by weight of the resin, which depends on
physical properties of the intended polymers.

The release agent may include, e.g., zinc stearate,
silicone oil and fluorine oil. It may usually be added
in an amount of from 0.01 to 5 parts by weight based on
100 parts by weight of the resin.

The colorant may include inorganic pigments such as
titanium dioxide, cobalt blue and cadmium yellow, and
organic pigments such as carbon black, aniline black,
phthalocyanine and quinacridone.

As weatherability-providing agents, an ultraviolet
light absorber and a photostabilizer are available. The

ultraviolet light absorber may include, e.g., salicylic
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U& ()-@®&"10% U& ()- 1ddYNC 10UU 10 U 10 U 10 W<s10% U& ()-, :"1
U& ()-,7G 10% U& ()-,5T 10% U& ()-, 3#10% U& ()- M dEYNC 10UU! SF"10%&' ()-,s
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S3109%&°0) L S 1aRE (11 ELATHYRL B St #T0%k 1S S PRRF (FUS 098 BRERY KdEYNC
salicylate and para-t-butylphenyl salicylate,
benzophenone type ultraviolet light absorbers such as
2,4-dihydroxybenzophenone,

5 2-hydroxy-4-methoxybenzophenone and
2,2'-dihydroxy-4,4'-dimethoxybenzophenone,
benzotriazole type ultraviolet light absorbers such as
2-(2'-hydroxy-5'-methyphenyl)benzotriazole,
2-{2'~hydroxy-3',5'-di(t-butyl)phenyl}benzotriazole
and 2-{2'-hydroxy-3',5'-di(t-amyl)phenyl}benzotriazole,
and cyanoacrylate type ultraviolet light absorbers such
as 2-ethylhexyl-2-cyano-3,3'-diphenyl acrylate and
ethyl-2-cyano-~3,3'-diphenyl acrylate. Any of these may
be used alone or in combination of two or more types.

In order to improve weatherability, a hindered amine
type photostabilizer such as
bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate,
bis(1,2,2,6,6-pentamethyl-4-piperidinyl) sebacate and a
dimethyl succinate* l1-(2-hydroxyethyl)-4-hydroxy-
2,2,6,6-tetramethylpiperidine condensation product may
also be added together with the above ultraviolet light
absorber.

The flame retardant may include, e.g., halogen type
compounds such as hexabromobenzene, tetrabromobisphenol

A, decabromodiphenyl oxide, tribromophenol,

24



10UV @ Y" 109%& () - Sf &#10%&' () - SL$s! 109%&' ()-S "F"10%& ()-S

#1098 () -, mMLO%&' () - KRAEYNC 10UU @#109%&' () - @#10%& () - @-1#10%&' ()'fﬁ AUG 2002
109 ()- S, 109&' ()-S*F" 10% () - MoC 10UU! #1098 ()-' y109B& ()- 10 10

10<" 109& () -, 3: #109%& () - S7T#10% () - MDSAELC 10UU! F109B& () - #109B& () -

109B& ( 510%3& ()-1 Z"109B& () -, #109B& ()-s+_dEbC 10UU , "109B& () -

1098& (LRI 20uwER! € 1Y3 Hor@&dy)L #209BE () PSr FivRE e B C lodecane
10UV - 1 109B&' () - *#109B& ()- (S

10988 @n&"HAYB& ()d s TANBRE {ye¥' 5! d0YB&E( WwiH oEnAyl@R used alone

10Bl L<t 109B& ()-1: T 109B& () -

@y1098& (i IZIRIBE 162! $8YBF( brCGhg D %ﬁf/pé?s ( ZéYEho]%%oJ:Q‘Vé&a(c)u%
1098 ()- @ 10%& ()- @ 10%& ()- @109 () -

oo Uid 1024 Qs Y 415 100807 SN )40 ()2 s

Oy) 109& ()- " !y)109AJU& ()- 1 D! 100& ()-9!! 109w ()- 9@ 10%& ()-) +, - xan
108", 0% &( @)LbneneE rimes 100RCER AL 210T@ PR NFS ADME ¢ YN DPE NATRY ) - -
RIEMbC 10B@ 10% & ()-A0%& ()-@10% & ()- @

#10% &A1) s @HOUWL  )i-n@EDAH Rh @)c-i@robCAn auxiliary flame retardant,
10B@10% & ()- @10% & ()-@O0% & ()-@10% & ()-@! 10% & () - @Bs10% & () - 4ndEm

bC 10B@HLOYh&n{dy ﬁﬁ%ﬁ@c&a(hn@ﬁéﬁf & £1 0% 1% 0% & dn - &' 140 % &q() -
#10% & () - MIdENGC 10B8#1006 & () 0% & ()-3@10% & ()-,110% & ()-/ @

e e
RS B AR R Tt e

rurtit "debC 10ByF1
1098 (3 3*990%(@? hiigher ) - Psp1adgy() -y e10%gk ¢ gepf &ymooud (gnenf -
"xnmbC 10BI (109&' () -

retardant may be used in an amount ranging from 1 to 50

parts by weight, and the auxiliary flame retardant such
as antimony trioxide from 1 to 15 parts by weight, based
on 100 parts by weight of the resin. Also, hydrates such
as aluminum hydroxide and magnesium hydroxide may be used
in combination as a filler aiming at flame retardation.
Any of these may preferably be added in an amount ranging
from 10 to 300 parts by weight based on 100 parts by weight
of the resin.

As the reinforcing material, usable are inorganic
fiber reinforcing materials such as glass and carbon, PAN,
pitch or rayon type carbon fibers, and organic fibers such
as PET fibers, polyethylene fibers and Kevlar. These
reinforcing materials may be in the form of any of a mat,

a roving and a cloth. Any of these reinforcing materials
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a time appropriately determined in accordance with the
quantity of the catalyst and the reaction temperature.
The second-stage heating is carried out in order to shape
the molding material into a preset form and also to
complete the curing. This heating may usually be at a
temperature of from 80 to 250°C, and preferably from 100
to 200°C. The reaction time is appropriately determined
in accordance with the quantity of the catalyst and the
reaction temperature.

The molding material standing semi-cured in the
present invention may have any shape of a plate, a sheet
or a rod.

As molded products obtained by heat-curing the

molding material standing semi-cured may be any of flat
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matched metal die molding may be used. Molding methods
may appropriately be selected and also the shape and
material of a mold may be selected, in accordance with use
of molded products and production.

Fig. 1 is an illustration (cross-sectional
diagrammatic view) showing how to produce a molded product
from a semi-cured material by use of amold for SMCmolding.

Atmosphere in the molding of the present invention
may be an atmosphere of air (oxygen and moisture are
contained in the atmosphere). O0Of course, a special
measure may be taken such that the atmosphere is displaced
with nitrogen gas or the like, but such a measure is not
economical.

The present invention will be described below by

giving Examples. In the following Examples, "part(s)"

refers to “part(s) by weight" unless particularly noted.

Example 1
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addition of 0.1 part of the Ru carbene catalyst of formula
(3). The resultant mixture was allowed to react while its
temperature was maintained at 35°C. At the time the
surface of the reaction fluid came into a state where it
was stringy when touched with a glass rod of 2 mm diameter
(the semi-cured state), this was introduced into a mold
for compression molding to carry out molding as described
below.

The mold of compressionmolding was set in a vertically
movable hydraulic press, and mold temperature was set at
120°C. As shown in Fig. 1, the semi-cured material was
introduced into the mold in the state the mold was opened,
and then the hydraulic press was operated to close the mold
to carry out molding. Here, the pressure was 80 kg per
1 cm square of flat-plate area. After lapse of about 2
hours, the mold was opened and a molded product was taken
out. The molded product obtained was a molded product
having sufficient strength and hardness.

Incidentally, used as the mold for compression
molding was a mold for SMC flat-plate molding (size of flat

plate: 300 mm long, 300 mm wide and 4 mm high). This mold
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@109Raf) il Bxa0RIKRIEDC This reaction fluid was put in a frame
made of aluminum (300 mm long, 300 mm wide and 2 mm deep).
The reaction fluid was put in a 40°C hot chamber together
with the frame to carry out reaction. After lapse of 3
hours, a reaction product was taken out of the hot chamber.
Here, the reaction product was in a solid state, having
no fluidity. This reaction product was removed from the
frame to obtain a molding material standing semi-cured.
This molding material was stored at room temperature for
a day, and was thereafter manually wound around the
periphery of a glass tube of 50 mm outer diameter so as

to be shaped. Next, the molding material thus shaped was
put in a curing furnace together with the glass tube, and
was allowed to react at 120°C to effect curing. After lapse
of 1 hour, the cured product obtained was taken out of the
curing furnace, and was removed from the glass tube to

obtain a cylindrical (pipe-like) molded product.

POSSIBILITY OF INDUSTRIAL APPLICATION

According to the present invention, molded products
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2. The molding material according to claim 1, which
has a shape of at least one selected from a plate, a sheet

and a rod.

3. The molding material according to claim 1 or 2,
wherein said metathesis-polymerizable cycloolefin is at
least one selected from a bicyclic or more-cyclic
norbornene and a monocyclic cycloolefin having 4 or more

carbon atoms.

4. The molding material according to any one of
claims 1 to 3, wherein said metathesis polymerization
catalyst is at least one of metathesis polymerization
catalysts represented by the following Formulas (a) and

(b).

31



1! 10f #10%& ()-f #10%&' ()- S3! 10%&' ()-f#109& ()-f#10%& ()-fS

109 () - g4gl ggghPhdEbC 1! 10S $#109& () - S3"#109%& () - f 26 AUG 100
#100&' () - SH10%&' ()-f"10%& ()-S! 109%& () - Phhhhi >i yi dEbC 1!

10SY1" 109& () -,/ 109& ()-S-- 109& () - S*#109& ()- (" 109& ()-fy& 109& ()-vyiii#\
i j jajbjdYNC 1! 10 10 10 10Y&<10% ()- @ #10% ()- @" 10% () - @

"T0%& () - @3#10%&' ()-bjojjjj+k?kdEYNC 1! 10 S9109%& () - SH109%& () -

109& () - f LOY& 109& ()-9' @O% () - ?kgkkkl VI 1 dEYNC 1! 10

S #109%& () -f #X %EL ) - f ROWR' () - Ss- #10%&' () - f F#10%&' () - @O%&' () - || m nmnmmudEY
NC 11 10 S(#10% ( ) S&' 10%& ()-S $! 10%& ()-F""10%& ()- S

"109&' () - SH10%& ( McnnnndEYNC 1! 10

@BLO%YR () - @, #1 “1 1s10% () - S@ Mt

109 () - S #109%& () S*\#JO%&' () - no=o@AoBoCoPoobC 1! 10f" 10%& () - & 10%& () -
10 10 10Y9< kﬂ%& (- 109 () -, 810%& () - ooopFpppdEbC 1!

10SF#109%&' ()-S#1l A&T() #109%&' ()-SH10%& ()-,1 @

109 ()-f, 109%& () - fp#q qqqqubC 1! 10f,

#109&' () - @RO%&Z(H, 109 () 10%&'()-S!lO%&'()-Ss#lO%&'()-q$rVVrrr35dEbC 1!

10S-#109&' () - SK#L0U&R' () -f ¢ 109K () - S& 109%&' () -, s$T

109& () - fF""lOW | ) - 3s?spsssssssdE: / 8

101 L<109%& () -, : M98 G FS6" 100& () - S3" B0’ () -

109%& () - S@?lO@&/(D ssth@tttuxY /[ 10"10%& () - 10%&'()- "10% () - @

109 ()-f- 1%%&' (L)} S109%&' h)l—
wherein;

M represents a ruthenium atom or an osmium atom;
R' and R? each independently represent a group selected

from a hydrogen atom, an alkyl group having 1 to 20 carbon
atoms, an alkenyl group having 2 to 20 carbon atoms, an
alkynyl group having 2 to 20 carbon atoms, an aryl group,
a carboxylate group having 1 to 20 carbon atoms, an alkoxyl
group having 1 to 20 carbﬁn atoms, an alkenyloXxy group
having 2 to 20 carbon atoms, an aryloxy group, an
alkoxycarbonyl group having 2 to 20 carbon atoms, an
alkylthio group having 1 to 20 carbon atoms, an
alkylsulfonyl group having 1 to 20 carbon atoms, an
alkylsulfinyl group having 1 to 20 carbon atoms, an
alkylseleno group having 1 to 20 carbon atoms, an
alkylseleninyl group having 1 to 20 carbon atoms and an

alkylselenonyl group having 1 to 20 carbon atoms, each of

which may be substituted with any of an alkyl group having
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10" 10%&' ()- a first step of preparing the molding material

according to any one of claims 1 to 4; and
a second step of shaping the molding material into

a preset form, followed by heat curing.

6. The process for producing a molded product
according to claim 5, wherein said second step comprises
the steps of;

shaping said molding material into a preset form; and

subjecting the molding material thus shaped, to heat
curing;

in this order.

7. The process for producing a molded product
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8. A process for producing a molded product,
comprising allowing a metathesis-polymerizable
cycloolefin to react in the presence of a metathesis
polymerization catalyst to form a molding material
standing semi-cured, and introducing the molding material
into a molding mold while the molding material 1is kept

semi-cured, followed by curing.

9. The process for producing a molded product
according to claim 5 or 8, wherein a mold for compression

molding is used as said molding mold.
10. The process for producing a molded product

according to any one of claims 5 to 9, wherein the molding

is carried out in the atmosphere.
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